Abstract: Methods are used in every stage of dictionary-making and in every scientific analysis which is carried out in the field of dictionary research. This article presents some general considerations on methods in philosophy of science, gives an overview of many methods used in linguistics, in lexicography, dictionary research as well as of the areas these methods are applied in.
Introduction
In dictionary production and in scientific work which is carried out in the field of dictionary research, methods are used to reach certain results. Currently there is no comprehensive and up-to-date documentation of these particular methods in English. The article of Mann and Schierholz published in Lexico-* This article is based on the article from Mann and Schierholz published in Lexicographica 30 (2014) . The English version was presented on the StellenLex conference 2015 in Stellenbosch organized by Rufus Gouws. Thanks to Laura Schierholz who was an excellent and reliable help in proofreading in order to get the final English version of this text.
graphica 30 gives an overview in German and is a first attempt to structure the existing methods in our discipline. The other articles which are published in the Lexicographica yearbook (2014) treat methods in specific areas: the functional perspective (Tarp 2014) , dictionary planning of online-dictionaries (Geyken 2104), research in dictionary use (Müller-Spitzer 2014b) , the saving of lexical data (Romary and Witt 2014) , translation science (Bielińska 2014) , specialized lexicography (Bocorny Finatto 2014) , pronunciation dictionaries (Hirschfeld and Stock 2014) , items giving the paraphrase of meaning . Even this article cannot give a complete overview of all the methods but it provides a general overview of methods in lexicography and dictionary research, as well as in contiguous disciplines. Selected methods will be described in detail to show how to apply the methods.
The basic aim of this article is to foster the work on methods and to encourage young researchers to show more interest in the methods of this research field.
An overview of all methods should be theory independent or should be orientated to the different lexicographical theories, i.e. the "Lexicography and Dictionary Research" (Wiegand 1998a) or the "Function Theory" (Bergenholtz and Tarp 2002; Tarp 2008; Tarp 2013) . Above this, all methods which are used in lexicographical practice should be enumerated and ordered. This is rather complicated because one has to keep in consideration that some methods will be applied only with a special dictionary type or are only specific to one dictionary project.
Besides this aspect regarding methods, it has to be noted that the individual theories are not critically reviewed with respect to existing methods, in "Lexicography and Dictionary Research", in the "Function Theory" 1 , and in "Lexicography as an Art and Craft" (Landau 1989) . Exceptions are (a) the Historical Dictionary Research and (b) the Research on Dictionary Use where in the past the state of the art of the empirical methods was summarized by Ripfel and Wiegand (1988) , in Wiegand (1998a: 568ff.) , in Welker (2006 Welker ( , 2013a Welker ( , 2013b . For the period from 1993 to 2012 a very good overview of the research projects concerning the use of electronic dictionaries including a lot of critical comments on the used methods is given by Töpel (2014b) .
Apart from these observations regarding the documentation of methods, one can find methods reflected more or less in the publications of lexicography. These are the publications where (a) the subject matter itself is methodology, (b) single methods are discussed critically, (c) specific methods are used aligned to the subject matter, (d) methods are applied without any reflection on their use but also without any consequences for the quality of the research results.
What a method is
A method is a procedure or a technique used to reach a certain aim. In all sciences, scientific methods are applied. They are part of a general theory of sci-ence on its own or of theories of an individual science.
In general, what all methods have in common is that they are considered as single scientific procedures which serve to gain secured and verifiable insights into scientific objects and entities. 2 Accordingly, this counts also for methods in metalexicography and also for all the methods in practical lexicography. Wiegand (2010: 251) writes: "A method is an ordered set of instructions to act which have to be followed in at least one orderly sequence and in compliance with the conditions of correctness which are part of the method properties in order to receive the desired result." 3 Starting from the basic elements in science theories you can transfer principles -e.g. observational adequacy, explanatory adequacy, hypothesizing, theory construction (and sub theory construction), methods, application -to theories which are used in a single discipline. For metalexicography, different theories are necessary but a dominant role is played by an action theory and a linguistic theory.
The action theory plays a decisive role for the subject "dictionary" because dictionaries are produced for the purpose of being used. Therefore, the actions of a potential user of a dictionary are in the center of the considerations (cf. Wiegand 1987 ). An extensive explanation especially in context with the research on dictionary use is found in Wiegand (1998a: 268ff.) but also in the function theory of the Aarhus group (cf. Tarp 2008: 33ff.; Tarp 2014: 58ff.) .
The linguistic theory plays a decisive role since, not only in language dictionaries but also in subject dictionaries, linguistic expressions are described in/ with linguistic terms.
In both theories one will find methods that can be considered as inductive (from single propositions, observations or data leading to general insights) or deductive (starting from a general regularity to a statement about a single case). This can be seen from the perspective of the philosophy of science but also from the single sciences (research on dictionary use, linguistics etc.). In German linguistics, this was discussed extensively by weighing up the different positions (cf. among others Schaeder 1981: 28ff.) , and it is convincingly demonstrated that the strict separation between "inductive" and "deductive" cannot be kept if the specific features of the subject matter language and the special requests for lexicography are included.
From a single science perspective a differentiated way of looking at things is necessary. Thus, it is better to speak of a primarily inductive method when a systematically collected huge amount of data and the formulation of the hypotheses are used in combination during the research process (cf . Schaeder 1981: 45ff.; Schierholz 2001: 76ff.) .
The following methods shall be considered to be used in practical lexicography and in metalexicography. All of them should be guided by the enumerated principles which are universal in general philosophy science. The following text will not contain: -the field of teaching methods in dictionary use where you can learn the skills in dictionary use because these methods belong to the area of didactics.
the methods which belong to terminology and terminography because this would go beyond the scope of this contribution.
scientific methods in practical lexicography.
Firstly, a short overview to the methods in linguistics will be given because these methods play a dominant role in the production of linguistic lexicographical items.
Methods in Linguistics
Within philosophy of science the theories and methods in linguistics can be distinguished under the aspects of the differentiations described above. Very often, a classification in the qualitative and the quantitative approach can be found in linguistics, which takes into account more the specific properties of the subject matter. In this case the mutual dependence of both approaches is absolutely necessary (cf. Schlobinski 1996: 15ff.) . Qualitative methods are procedures in which data measurable in numbers are primarily not collected (e.g. linguistic descriptions and explanations), and in which new insights are obtained from critical hermeneutical work, e.g. by the processes of comprehension and interpretation. Methods of data collection include interviews, written questionnaires, and observations. For the recording and interpretation of these data, special tools were developed for example, content analysis, text analysis, conversation analysis or discourse analysis (cf. Deppermann 2008; Warnke and Spitzmüller 2008) . Qualitative methods are also the classical ones in traditional grammar, such as elimination tests, permutation tests or commutation tests.
Quantitative methods are always aligned with data which are measurable in numbers and which are collected with the aim to assess a judgment which is based on results presented in numbers. The data collection must underlie a systematic method of gathering the data. Koplenig (2014: 65f.) distinguishes between "obtrusive" and "unobtrusive methods". Another distinction can be made between experimental and non-experimental procedures. Many of the tools of data survey and data evaluation used are adapted from empirical social sciences and are taken over into linguistics (e.g. oral and written questionnaires, observations, tests, experiments, probabilistic statistics), other tools have on a larger scale genuine linguistic properties (e.g. the query to and the evaluation of text corpora) (cf. the summary in Albert and Marx 2010: 12ff.; Meindl 2011: 25ff .; with a perspective from social sciences e.g. Bortz and Döring 2006 and fundamental Diekmann 2007) .
All linguistic procedures play a dominant role in lexicography and dictionary research (cf. Rundell 2012: 64ff.) . If such linguistic data are collected it shall be the basis for the writing of lexicographical items. This means that one has to consider; (a) the procedures of phonetic transcription, procedures of segmentation and classification, many procedures in phonology and morphology, procedures to categorize the parts of speech, syntactical procedures for the categorization of valence partners, procedures of meaning analysis, content analysis, prototype theory and many more (cf. (c) the knowledge the lexicographer has from experience related to their profession.
The methods of corpus linguistics must be used with special attention because linguistic data is collected on the basis of huge text corpora. 4 The required size of the corpus, the balance of the corpus, the state of the corpus (original text or scanned text; with annotation or current text), the text varieties which exist in the corpus; but first the query procedures and the procedures of the citation evaluation must be taken into consideration and must be used with a critical reflection and perspective to the investigation aims (cf. Heid 2008 , Lemnitzer and Zinsmeister 2006 , Schierholz 2008a , Schierholz 2008b , Schierholz 2013 . It must also be distinguished in the lexicographical process between corpus controlled, corpus supported or corpus validated (cf. amongst others Engelberg and Lemnitzer 2009: 238) . Attention must be paid to the use of linguistic methods in that they serve very often only for the material processing and material preparation for the following lexicographical process. In each case it must be decided in which way data extracted from natural language sources have to be further worked on in the lexicographical process with linguistic methods.
Methods in Lexicography and Dictionary Research
Lexicography and dictionary research is marked by pluralism of methods: The lexicographical work is determined by the type of the dictionary but reverts to the results, the methods and the theories of different sciences. 5 (Wiegand 1984: 559; cf. also Wiegand 1998a: 100) . The methods are (a) linguistic methods which are used for the collection of the linguistic data, (b) methods which source from social sciences and especially psychology (e.g. quantitative data analysis, systematic empirical methods, case studies), (c) furthermore philological methods, in which the introspection together with the personal language competence is important, (d) the methods of comprehension and interpretation which are adapted to the text material but also to all empirical data. Even the philological methods have to fulfill the condition that the intersubjective examination of the results must be possible in each part of the workflow.
In the following section, typical methods and their application in either practical lexicography or in the sub theories of dictionary research will be presented with the essential features.
Methods in Practical Lexicography
During dictionary-making, different phases of the lexicographical process can be distinguished (cf. Prinsloo 2005: 9ff., Svensén 1993) . Wiegand (1998a: 134ff.) calls (a) the phase of preparation, (b) the acquisition of the material and the data, (c) the treatment of the material and the data, (d) the evaluation of the material and the data, (e) the preparation of the print process; Engelberg and Lemnitzer (2009: 228) complete with (f) the phase of further development, as well as the upkeeping and cultivation of the data material. In each of the phases different decisions must be taken, actions must be done and different methods must be used. The phases are valid for print dictionaries and for online dictionaries; in some areas in the same way, in others not (cf. Klosa 2013 about online-dictionaries). Furthermore, it must be determined whether the production of a dictionary is (a) a complete new project, (b) a dictionary derived from one or more existing dictionaries 6 , (c) a translation of another dictionary, (d) a revision and/or actualization of an existing edition or a retrodigitalization. The latter one can be done by copying (e.g. double-keyingmethod) or scanning with text recognition (cf. Piotrowski 2012: 25-52; Burch et al. 2000 to the example of DWB), or by parsing the tape of type setting instructions (cf. Hauser and Storrer 1996) , where the digitalized data (automatically or semi-automatically) can be transferred into single data (e.g. in XML) or into a data base system (cf. also Engelberg and Lemnitzer 2009: 223ff.) . In the following section the methods and the application area where methods must be used will be enumerated in connection with the phases of the lexicographical process. 7 All cases will be led from a complete new production of a dictionary. Only some methods will be dealt with in detail.
Methods during the preparation phase
In the preparation and planning phase of the lexicographical process a needs analysis must be done to calculate the costs, the work flow, the agreed time period of the making and the size of the dictionary. To this belongs an evaluation of the market opportunities, a calculation of production costs, the personal planning, the time management, the development of a payment system and the profit prospects (cf. Beltrami 2013). To be able to do this one needs methods from business management, which have to be selected and applied with consideration of the dictionary type, the users of the dictionary, as well as the size and the structure of the dictionary (cf. Engelberg and Lemnitzer 2009: 227ff.) .
If a dictionary is made by an editorial staff, it is necessary to have a work schedule of the lexicographical work, in which the distribution of the tasks is arranged, e.g. the conditions of the compilation of the articles and the distribution of the articles to the lexicographers: (a) It is possible that each article is written completely only by one person. The sequence of the article writing can start with the articles under A, continuing onto the initials of the word list until Z. (b) It is possible that a lexicographer will write only one item type or a set of item types in every article so that the production of item types is done thematically. The approach under (a) -from A to Z -as it was practiced in many dictionary projects in the last centuries, has very often the consequence that the lemma list under A is excessively long and that also the dictionary articles are more extensive i.e. produced more carefully and with a bigger expenditure of time than the lemma list under Z (cf. Schierholz and Windisch 1991) . The more specialist field knowledge that is necessary for specific items of the dictionary articles the better it is when single item types are worked on by a lexicographer who is an expert in the respective special field. The methods which should be used here to achieve an efficient work flow are very different and their availability may depend on the financial situation and on the economic behavior of the dictionary producer. Furthermore the methods belong to the procedures which are used in the section of work organization and they are based on experience and knowledge but they have nearly nothing to do with any linguistic method. Instead of that, all these processes should be carried out in cooperation with an experienced lexicographer because the experience from the lexicographical workplace is helpful and necessary to organize the work efficiently.
Another part of the preparation phase is the development of a concrete dictionary conception where the dictionary type and the dictionary functions are laid down; these decisions also influence other decisions on methods (cf. part 4.1.8). Besides, a text compound structure and a data distribution programme in which the distribution of the lexicographical data and the components of the text compound are arranged must be developed. Apart from the data distribution in the wider sense the following aspects concerning methods must be arranged, although some corrections are possible in some cases later on (cf. also Schierholz and Wiegand 2004) : -the way of the article arrangement in the word list and/or in registers or indices, where alphabetical arrangement and thematic arrangement have to be distinguished fundamentally: in the case of an alphabetical order one has to choose a method of alphabetization, where especially the filling of alphabet external signs must be taken into account (cf. Wiegand 1989: 376ff.; . In the case of a thematic arrangement, not only a system of concepts or of subject groups must be determined, but also a fitting method how the lemma signs or rather dictionary entry can be categorized systematically in this system (cf. to this complex of problems amongst others the layout and the typographical marking up of all dictionary components, especially for the dictionary articles with their items and structural indicators.
Also the working tools (software) to be used must be committed (cf. part 4.1.8) because homogeneous methods must be applied for the sake of uniform results concerning the form. All the methods relevant for the lexicographer to make a dictionary in a systematic procedure should be written down in an instruction book 8 . On the basis of these decisions, example articles should be produced so that the practical suitability of the instructions can be tested and the instruction book can be corrected and possibly changed. Consequently, example articles can function in the following working phases as best example articles for the dictionary work.
Methods during the phase of material collection
In the phase of the material collection the lexicographical work is based on the experience and knowledge of the staff members and on general search routines, which are used to collect data from the internet, from libraries or from existing dictionaries. These processes will help to provide the sources for building up the dictionary basis, which is distinguished into the primary sources (data which are used for the purpose of the dictionary making, e.g. citation collections, special text corpora), the secondary sources (other dictionaries), and the tertiary sources (all other linguistic material concerning the dictionary subject matter (e.g. literature, grammars) (cf. amongst others Wiegand 1998a: 140; Schierholz and Wiegand 2004: 208f.) . Reichmann (1990 Reichmann ( : 1589 takes the secondary sources and the tertiary sources together. The collection of these data must be done systematically in order to make the data stock of the dictionary basis reliable.
In the case of a new compilation of a corpus for the linguistic analysis and even in the case of the takeover of an existing corpus, the method of compiling (representative, balanced, opportunistic, see above, section 3) must be applied in a very critical manner. Subsequent to this the data can be tagged or annotated so that methods (programs, algorithms) of natural language processing will be used (cf. Klosa 2013: 521) .
If in the planned dictionary images and diagrams or in the case of electronic dictionaries, audio and video examples should be presented, it is necessary to compile a data collection which is determined by clear criteria and by methods, which can ensure the suitability of the multimedia material for the envisaged dictionary type and for the dictionary functions.
Methods in the phase of material processing
The phase of the material processing is in the traditional lexicographical process the use of the note catalogue and the excerption of recently obtained material (to the procedure cf . Wiegand 1998a: 145ff.) . In case of the -nowadays usual -use of big electronic corpora, other methods are necessary. In the case of the data volume being oversized, the data must be analyzed automatically and by random principle. However, if the data volume is a manageable size each piece of data should be analyzed individually.
For this phase Klosa (2013: 521) mentions the process of corpus analysis for the sake of the extraction of lemma candidates, word frequencies and collocation candidates (to the procedures of statistical determining of collocations cf. Evert 2005) . The methodical backgrounds of the lemma selection will be demonstrated more precisely in the next step.
The method of lemma selection
Before one starts writing dictionary articles, a lemma candidate list must be drawn up (cf. amongst others Bergenholtz (1989; 1995) ; Bergenholtz and Meder (1998); Drosdowski (1977) ; Scholze-Stubenrecht (2002) ). This list should be an open list so that during the process of dictionary production new lemmata can be entered. The lemma selection must ensure a well-balanced distribution of the lemmata over the individual character stretches.
The distribution of the lemmata in accordance with the character stretches should correspond to the distribution of the token and the distribution of the types in a certain natural language. The quantitative proportion which the word forms have per initial in one language can be recorded by the frequency distributions of word forms in text corpora (cf. amongst others Schierholz and Windisch 1991) . In the production of a specialized dictionary a corpus with texts of the special field in question should be the basis because specialized vocabulary can have another distribution of the lemmata per initial than the distribution of the general vocabulary. In dictionaries the page volume which is at hand for a single character stretch should be distributed analogous to the lemma quantities because only then can a homogeneous dealing with the dictionary articles concerning the quantitative perspective be assumed (cf. also Engelberg and Lemnitzer 2009: 246ff.) . These quantitative analyses must be completed by examinations with regard to the contents in case of a general qualitative judgment. In the end, the lexicographer must decide which words or which lexicographical items should be estimated as important for a dictionary. During this process one has to take into account other criteria such as the dictionary type, characteristics of special field vocabularies or user-specific partial vocabularies. The selection of the lemmata can be based on corpus evaluations (frequency data), but can also be orientated at the lemma lists of other dictionaries.
According to the dictionary type the lemma selection underlies different criteria: (a) In dictionaries where the subject matter is the general vocabulary you need corpora containing the vocabulary of the standard language (e.g. newspaper texts; to the reasons cf. Schierholz 2001: 97f.), but also the general special field vocabulary from those fields which play an important role in the language community. In addition, corpora containing the oral language use must be examined. (b) For a learner's dictionary it is essential that it contains the basic vocabulary. This can be taken over from old lists but should be confirmed by actual frequency investigations of corpora and the existing word lists of linguistic didactics should also be taken into account. (c) In the selection of neologisms the lexicographer must take into account the sources of a neologism. This can be the regional spread and must be differentiated between occasionalism and neologism. (d) In dialect dictionaries the lemma selection must distinguish between the vocabulary in standard language, regional language and a dialect in the broader sense of the region of the survey. (e) In a variety dictionary on a group specific vocabulary a group external lexicographer has the methodological problem to get enough and reliable material for the selection of the lemma candidates. (f) In specialized dictionaries the lemma selection must be done on the basis of specialized texts and expert knowledge. For example in the WSK volume 1.2 (Wörterbücher zur Sprach-und Kommunikationswissenschaft) with the subject matter syntax (Dürscheid and Schierholz 2013ff.) the lemma selection was processed by (first) scanning, evaluating and comparing the indices and registers from the most important grammars and special field literature (handbooks etc.) to the subject syntax; (second) deciding with an expert judgment which of the terms can be graded as dictionary worthy.
This list is not complete and can be extended in detail for every dictionary type and can also be extended for numerous further dictionary types.
Methods during the phase of material evaluation
The phase of the material evaluation is a phase where the dictionary articles are drawn up on the basis of the collected and prepared material (cf. Wiegand 1998a: 148ff.). The main task during the making of dictionary articles is the writing of single concrete specifications of different item types.
Methods for the formulation of lexicographical items
During the dictionary-making the lexicographer applies a philological method when lexicographical items are selected and formulated. The application of methods is based on the knowledge the lexicographer has from experience (theoretical and practical knowledge of lexicography) and on the data which were found out for the purpose of the current step of the lexicographical work. Further, methodological advice which supports the guarantee of a uniform dealing with the items have to be given in the instruction book with item specific orders. In the microstructural programme of a dictionary, which should have been drawn up during the preparation phase, it is determined which items must be written.
For the selection of the example items it must be decided in principle (a) if the text citations should be taken as citation example items in the original form; (b) if non relevant parts of a text citation can be deleted (which is left at the lexicographer's discretion), (c) if an example item should be formed with the help of the lexicographer's competence, (d) if from case to case a combination of the both procedures can be used -for example in the way that original citations should be preferred, but competence example items are permitted if the number of text citations is too small or if no text example is adequate to be used as an example item.
For the syntactical items of verbs -e.g. it is necessary to choose if a facultative complement should be inserted or left out -the lexicographer has to decide this for each concrete article or each version again.
The writing of the items follows certain methods which are partly borrowed from linguistics, especially if linguistic items are concerned. The number of different lexicographical item classes which occur in dictionaries is estimated to be ca. 1000. 9 The number of methods which is needed during the writing process is smaller because the same method can be applied repeatedly for different items (e.g. to morphology). But this "repeatedly" is not easily and precisely defined and is not described in metalexicography. (a) It can be a method of introspection with a recourse to somebody's own linguistic competence, (b) it can be a method of copying from other lexicographical (or not lexicographical) reference works (secondary or tertiary sources such as dictionaries, grammar handbooks), (c) it can be a method of systematic corpus query where variant forms of a lemma are collected in order to decide afterwards depending on the citation situation which item giving the form should be taken into the dictionary.
This decision can be done on the basis of somebody's own competence or with statistical procedures which can be applied to the set of the collected citations. Metalexicographers have to discuss in theory and in methodology which method is the best for a certain dictionary type considering the users and the dictionary functions.
It is clear that it is impossible to have the discussion for each item and it is clear that in concrete cases the decisions must be done with practical orientation. For selected item types it was shown in Lexicographica 30 (2014) how the theoretical preconsiderations and the practical work can be combined with regard to single item types.
Methods during the preparation of the publication
In this phase the lexicographer has to do the editorial control (the proofreading) of all written articles (cf. Wiegand 1998a: 149f.), and in an electronic dictionary also the testing of the implemented links, of the multimedia elements etc. and of the whole electronic system (cf. Klosa 2013: 521). To be able to carry this out reliably it would help to have a list of examination methods or a catalogue of proof procedures written down in the instruction book of the dictionary in question.
In addition, the dictionary must be brought into a form which is suitable for the publication, e.g. into a pdf-file where one has to ensure that the result is sufficient for a high quality print.
Methods of publication
A dictionary can be published in one medium or in different forms. Since more than 200 years ago, the print version of a dictionary was the one and only relevant publication form. The production of the concrete product was the task of the printing business so that the lexicographer did not have to pay attention to the methods used in the branch of printing.
Nowadays, especially in online lexicography, the lexicographer can do the publication and can organize the processes independently so that the methods which are necessary for successful electronic publishing are in the present more relevant than in the past. This means one has to consider at least the following things:
-
The publication can be a closed version dictionary (a static or completed dictionary) or a dynamic dictionary or rather, an extension dictionary (cf. Lemberg 2001; Storrer and Freese 1996) . (a) In a closed version dictionary all dictionary articles and outer texts must be finished before the dictionary can be published. (b) In an extension dictionary the dictionary articles or parts of the articles which are written can be published, the other articles can follow later step by step. This way of publication has been used in WSK since 2012 when the publisher De Gruyter started with 400 finished articles taken from different WSK-volumes followed by 3000 articles in 2013 and again in 2014. This process will be continued until 2018 and the volume editors (Schierholz and Wiegand 2013ff.) hope that in 2019 the first print version of a WSK volume can be published. (c) If only parts of dictionary articles are published it means that a lemma must not be worked out exhaustively so that frequent and unproblematic readings of a lemma can be written and published first. In this procedure it is also possible to publish at first articles which contain only automatically produced items. The other items can be added later by the lexicographer (cf. Klosa 2013: 522). Whatever opportunity is chosen, different methods will be necessary for this part of the lexicographical work.
Updated versions can be published in regular or irregular intervals. A regular quarterly revision is published by the online edition of OED, 10 and Duden online 11 is revised in irregular intervals -which means: every day if necessary. The latter procedure has the advantage that updates can be published immediately so that the users have current access to the newest items in the dictionary and the items can be a recent reflection of reality.
Methods of data maintenance, reprocessing, post-production
While in a closed version dictionary maintenance does not play an important role in the concrete lexicographical process, maintenance is relevant if new editions are planned or updates are done regularly or irregularly. In online dictionaries an update is relatively simple and should be foreseen in the work flow. In such cases the following aspects concerning the methods have to be taken into account: -Which are the update criteria for the regular inspection of the published articles? -Will the dictionary basis, the based corpus, be updated too? If the answer is "yes", what are the criteria to start with this and when? -Do the dictionary users have the opportunity to give feedback? What kind of feedback shall it be (direct, indirect or additional feedback cf. Abel and Meyer 2013; Mann 2010: 34, 41 )? How will the feedback be integrated in the dictionary update by the lexicographer? -Will the storing of the data be done sustainably, e.g. in a format which is not bound to special software?
The influence of superordinated decisions on used methods
In section 4.1.1-4.1.7 the mentioned methods were assigned to the respective phases of the lexicographical process. The choice of the methods which can be used also depends on the superordinated facts and decisions which have an effect to the work in all phases. Here the following important aspects can be enumerated: the use of the computer (cf. also Storrer 1996) , the dictionary type and the dictionary function.
The use of the computer is nowadays a standard in the lexicographical work; in the dictionary project planning it will be unlikely that a decision between note catalogue and database will be done in favor of the first. But even today, projects exist in which the lexicographer has to work with a handwritten note catalogue, which is the heritage of several generations of lexicographers and in which these notes will be transferred into an electronic database step by step. This was the situation with the Duden publisher 15 to 20 years ago and a little bit later the situation in German academia-projects such as the Grimm dictionary and the Goethe dictionary. But even in dictionary projects where the intensive support of computers is available from the beginning the applied procedures can differ clearly. One reason can be the software used. In dictionary projects with good funding and with an extensive technical know-how of the employees, the software solutions could fit perfectly and could be adapted to project specific needs so that the software can support the methodic procedures very well. In projects with less funding or staff with less training in the technical area one may have to fall back upon simple software products which can support the lexicographical and methodological work in a limited way.
During the entire lexicographical process the dictionary type influences the lexicographical procedures and the used methods. With the help of the needs analysis of a certain dictionary, the determination of the individual respective group of users and -following from that -the planned size of a dictionary, the lexicographer can determine guidelines for text compound structure, for the macrostructure (lemma selection, principles of lexicographical order) and for the microstructure (number and sequence of items) of the dictionary articles. The dictionary type determines the microstructure concerning the elements of the whole set of items. It influences also the composition of the items: e.g. the pronunciation rules in a descriptive pronunciation dictionary are presented differently and more precisely than in a general explanatory dictionary; items giving the meaning in a learner's dictionary will be different from those in specialized dictionary etc. These rules influence the possibilities of the use of many lexicographical methods which are necessary for a successful handling with the data.
Similarly, the dictionary type and partly overlapping with it the dictionary functions, influence the lexicographical work and the used methods in all phases. The components of the text compound structure, the lemma selection, the choice and formulation of the items etc. are directed by the dictionary functions (support of text production, text reception, translation and information function) which are orientated to the needs of the envisaged user group. A procedure that is explicitly orientated to dictionary functions must keep an eye on the relevance of the data material in every phase of the lexicographical process. Also the preparation and use of the following results -especially of the lexicographical items -must be done for the support of the dictionary functions.
The relevance of all measures should be methodically verified and well-founded.
Methods in Dictionary Research
Metalexicography, as the theory of practical lexicography, has the task of investigating all methods of practical lexicography and their theoretical reflection. This is based on the principle of interest of insights in the area of metalexicography itself, but also to find possibilities of improvement which should influence the lexicographical practice positively. Metalexicography has the task of drawing up a methodology of lexicography and dictionary research altogether in order to deliver a fundamental contribution to the theory of dictionary research. But the study of methods is in some way depending on the theory from which a method comes from. Metalexicography itself has also some specific methods which play no or only an unimportant role in practical lexicography. In the following section the methods will be considered in connection with the theory elements of the dictionary research as it was worked out by Herbert Ernst Wiegand.
Systematic dictionary research
All the methods which can be used for the description and investigation of the dictionary structures belong to the systematic dictionary research. distinguishes between (a) the methods concerning the investigation of the dictionary form and (b) the methods of the presentation. To (a) belong the methods of text segmentation and of structure constructing; to (b) belong the methods of the presentation of the textual structures, the methods of constructing the article structure schemata a well as the methods of the presentation of typologies.
A central metalexicographical text segmentation method is the functionalpositional segmentation (cf. to this and to other text segmentation methods Wiegand 2010: 256ff.) . This procedure is applied to dictionary articles to find out the number of items and their types. For each element of a dictionary article (phrases, words, parts of words, abbreviations, punctuation marks, blanks etc. with consideration of the typographical marking up of the elements) it can be detected step by step, if a positional determined element has an independent function or if it is part of a larger element which has its own function. With this procedure one can find out which parts of a dictionary article belong together and which tasks are given to these elements by the lexicographer. It is an intersubjective comprehensible method which is applied in dictionary research but it can also be used to explain uncertainty in the dictionary use. This can occur if the lexicographical items in a dictionary article are condensed in a way that an average user who does not know how to apply this method can not decide which interpretation of a lexicographical item is the right one.
The structure constructing methods are built on the text segmentation methods and are used to describe and investigate the structure and hierarchy which exist under the segmented elements. Wiegand's works are based on the concept of the set theory so that the dictionary form is recorded in terms like set, set of carriers, relation, element etc. The reproduction of the construction and the relationship of dictionary components by sets and relations is a method which gives a well-structured presentation of the data which are the constituents of a reference work. Thus many structures can be identified, and the most important ones are the text compound structures, the access structures, the macrostructures, the microstructures, the article constituent structures, the text architectures, the search area structures, the addressing structures, the mediostructures, and the data distribution structures, but there are more. The literature about the single structures is numerous and extensive, a good summary can be found in Engelberg and Lemnitzer (2009: 134ff.) , in Wiegand and Fuentes Morán (2010) , in the WLWF-1 (2010) , and in Gouws, Heid, Schweickard and Wiegand (2013) -the latter one in English. Methods which concern reference structures are worked out in detail in the reference theory (amongst others Wiegand 2011). These procedures were applied in WLWF-1 (2010) and in the WSK so that a successful application in practical lexicography still exists.
Beyond that, even the methods which are used to build up typologies and classifications belong to systematic dictionary research. These procedures are borrowed from other sciences, especially from the philosophy of science. Details of the recent methods in systematic dictionary research can be found particularly in ; Wiegand and Fuentes Morán (2010); Wiegand, Beer and Gouws (2013: 39ff.) .
Research on Dictionary Use
In research on dictionary use it shall be investigated in which way a user uses a dictionary, so that the results can help to improve the quality of a dictionary. This affects print and online dictionaries in the same way. 12 In this research area, methods of empirical social sciences are used, such as observation, written questionnaire, content analysis, test, experiment, protocol on dictionary use or oral comment on dictionary use (cf. Tarp 2009 , Lew 2011 . Frequently used is the questionnaire in a written form (to advantages and disadvantages cf. e.g. Ripfel and Wiegand 1988: 493; Ripfel 1990 Ripfel : 1632 Tono 2001; Lew 2002) . The questionnaire can be distributed personally which was the practice in the past and is nowadays used by single persons or by students when they undertake a pilot study during their studies. But in huge projects a questionnaire is organized online, as it was done with the German online dictionary elexiko (cf. Klosa, Koplenig and Töpel 2014) . The whole process of planning, realization, evaluation, and critical reflection is described in Koplenig and Müller-Spitzer 2014a: 79ff., Müller-Spitzer 2014c: 85ff., Koplenig and Müller-Spitzer 2014b : 127ff., Müller-Spitzer and Koplenig 2014 : 143ff., Koplenig and Müller-Spitzer 2014c 189ff. The observation of a certain person contains the danger that the personal presence of the researcher influences the act of usage (known as observer's paradox). When choosing the eye-tracking procedure (e.g. Tono 2011; Müller-Spitzer, Michaelis and Koplenig 2014: 209ff .: they call it "Eye-tracking technology") the influence of the researcher is avoided but it must be mentioned that this method allows only to observe the search behavior of the user. 13 After it, the lexicographer has to interpret the eye movements of the test subject and the definite intention the user/subject had cannot be interpreted unambiguously. Besides this, the expenditure of the performance of only a single experiment is enormous (cf. Runte 2015 and briefly also Kemmer 2014: 275) .
A specific lexicographical method is the protocol on dictionary usage (cf. Ripfel and Wiegand 1988: 494f.; Wiegand 1998a: 974ff.) , in which the described procedures can be combined. With the help of a protocol it can be shown in which way a subject uses a dictionary, which acts of usage are successful and which problems arise during the dictionary use in a certain dictionary to certain questions and search actions. The protocol process of the single working steps can be done (a) if the subject gets tasks which make the use of a dictionary necessary (cf. Wiegand 1985) ; (b) if the subject writes a content analysis, where they document the act of usage. On the one hand, this method requires a certain ability of the test subject, on the other hand it is not unproblematic to make the evaluation objectively; (c) if a think-aloud-protocol is made, by articulating during the usage, which action is carried out, why this action is carried out, which unexpected complications occur and how the problems were approached (method of loud thinking). The utterances of the test subject are recorded and analyzed (cf. amongst others Wiegand 1998a Hartmann 2001: 118f.) .
These procedures can show ways of improving a dictionary, but additionally they give the chance to formulate a hypothesis, which can be the starting point of systematically gathering information (e.g. in experiments or tests).
Online dictionaries can also be investigated by the evaluation of the log files which contain automatically produced protocol data to record the activities of the users. 14 This method can give a relatively good overview of how often and at what time which expressions were looked up, and the log files can also give information about which expressions were never looked up in a reference work. It reveals how users go about using the online dictionary, e.g. which search expression is entered into the search field. So the lexicographer has the possibility to react to this (cf. for example Rautmann 2014 for Duden online) . But one has to be careful with the interpretation of the data because the following considerations should be included, for instance: (a) Does a long break between user activities mean that the user needed much time to read the dictionary article? (b) Was the user interrupted by other things, e.g. coffee break? Having (a) it can mean that the article should be designed more comprehensible and more clearly structured, having (b) it means nothing regarding the dictionary. (c) Does the looking up of words from vulgar and sexual vocabulary in a high frequency mean (cf. Docherty 2000: 73; De Schryver and Joffe 2004: 190; Bergenholtz and Johnsen 2005: 126) that this vocabulary part needs special explanation and clarification? (d) Is this kind of search part of reading dictionaries for entertainment or to kill time (which is called "lexicotainment"; cf. Bergenholtz 2011: 16)? It is relatively unlikely to give a reliable interpretation of this situation of usage because beneath the log file data no contact with the dictionary users exists.
Historical Dictionary Research
This section deals with all lexicographical processes in a historical context and pursues the goal to write the history of lexicography and to develop a theory of the history of lexicography (cf. Wiegand 1998a: 10) . In this process the conditions of culture and society in different ages and time epochs are involved because they had a major influence on lexicographical activities. Very often it can only be adequately judged retrospectively in which way lexicographical processes were influenced by the social situation. So the methods which are used in sciences of history are important for the historical dictionary research. Beyond that, the construction of typologies of historical dictionaries (cf. Reichmann 2012: 91ff.) and the research on dictionary use in the past play a dominant role.
In the area of practical lexicography all the methods which play a role in the making of historical dictionaries must be taken into consideration. 15 These methods include the use of text corpora, the special conditions in using historical corpora, specific procedures of the lemma selection, the peculiarities of writing and -following from that -the problems with the macrostructure of the lemmata, the special conditions of citation excerption, as well as the characteristics in historical morphology and word formation. During this work, procedures of historical linguistics should be used but also the methods of grapholinguistics and of investigation of language change. Also the mentioned methods of the systematic dictionary research will be used in historical practical lexicography.
The procedures to find out the meaning of words and how to express the paraphrase of meaning are described precisely and extensively by Reichmann (2012: 218ff.) as are historical excerpts which underlie different principles because of a completely different empirical basis than the data basis which is at hand for the contemporary languages. (Reichmann 2012: 124ff ., 472ff.).
Critical Dictionary Research
Critical dictionary research has as the subject matter the entire amount of scientific and non scientific texts which exist in the area of lexicography and dictionary research, as well as all dictionaries because in many cases these are the subject of that entire amount of texts. 16 This means that the critical dictionary research in a wider sense comprises the texts from every research area (sensu Wiegand 1998a), i.e. works on research of dictionary use, on the production of a dictionary, on the historical dictionary research, on the systematic dictionary research, and texts concerning the total of all dictionaries.
Critical dictionary research in a narrower sense concentrates primarily on the analysis of dictionaries themselves with regard to all properties a dictionary has. This can be done in evaluations of single items or of the entire dictionary and it will be published in dictionary criticisms, monographies, essays or in reviews.
The outcome of this is that in the framework of critical dictionary research, in a wider sense, all methods which occur in the single research areas of lexicography and dictionary research, belong to the subject matter. Even for critical research on dictionaries in a narrower sense, many methods from the mentioned research areas of dictionary research play an important role. The following can be included:
The text segmentation methods and structure constructing methods (section 4.2.1), which are used by dictionary critics in order to find out the existing structures in an available dictionary. These structures can be analyzed and criticized relating to the appropriateness of the dictionary type, dictionary functions, groups of users etc.
(b) Knowledge about the methods of research on dictionary use (section 4.2.2) is relevant because a dictionary researcher must take notice of the research results on dictionary use in a critical way. This is the basis in order to formulate fundamental statements on the benefit of a dictionary for the envisaged users. Besides, investigations on dictionary use which aim to improve existing dictionaries can themselves be counted as critical or self-critical measurements and can also be counted to the critical dictionary research.
(c) Knowledge of methods and insights of historical dictionary research (section 4.2.3) are necessary to categorize the historical dictionaries in case of critics or of a comparison with other contemporary dictionaries in a reliable way.
(d) Philological (qualitative) methods are necessary for the analysis with regard to contents of dictionary texts, e.g. to find out actual or, in cul-tural retrospective, trendy and ideological influences in meaning paraphrases, outer texts etc. (cf. Haß-Zumkehr 2000 on lexicographical methodics in national socialism).
(e) Quantitative analysis and statistical methods are necessary, for instance, if one wants to give a reasonable estimation of the number of the items in a dictionary. This includes methods on a projection of the lemma number because it is impossible to read the whole dictionary or to count all lemmata. Instead of this a sample should be taken from the dictionary, which takes into consideration the whole word list from A to Z equally. The process to do this in a reliable way is worked out among others in Wiegand (1990 Wiegand ( : 2127 and in Mann (2013: 745ff.) .
(f) Another method is to count a certain lemma stretch (e.g. the stretch I) and to extrapolate by the well-known relations of the individual lemma stretches to each other how many lemmata the entire dictionary contains. On the basis of the results, a judgment about the macrostructural coverage of the vocabulary of the dictionary can be given. This can be set in relation to the population of a language, a variety or a corpus.
If a certain item type shall be checked critically, similar prerequisites and difficulties as for the lemma counting exist concerning the sample. It is not possible to make a meaningful analysis about a dictionary by reading or examining a few pages of the dictionary in an unsystematic way and extrapolating to the properties in the complete work. It is not possible to take the first 10 or 20 pages of a dictionary as a basis for an overall assessment of this dictionary. A possible and systematical evaluation method is for instance to start on the second page of the word list, to take from that page the first dictionary article into the sample and to repeat this procedure on every 20th page. By doing this, one collects data systematically to create a sample that is equally distributed over the entire word list. Afterwards this procedure should be repeated starting with the 12th page. Through this you will get two samples of the same size so that all analyses which will be done can be compared and can be checked with regard to their reliability. This method was chosen by Schierholz (1998; when morphological items in two learner's dictionaries of German were analyzed and compared with the data of text corpora of standard German. The dictionary evaluation is an essential part of the critical dictionary research. 17 In principle, different text types must be distinguished (cf. also Engelberg and Lemnitzer 2009: 186ff.) , which can be used to write such an evaluation: (a) the expert discussion (in conferences, in education, in panels etc.); (b) the dictionary review in a journal or in the press; (c) the online discussion in a newsgroup; (d) the systematic and comparing inspection of detailed questions; (e) the critical and constructive investigation of an entire dictionary carried out from different perspectives and with different formulations of a question. This was successfully performed in the area of learner's lexicography for the German dictionaries of Langenscheidt (LGwDaF) and De Gruyter (dGwDaF) in the collection of essays on pedagogical lexicography by Wiegand (1998b; 2002b) . In the contributions the correctness, the reliability, the completeness of lexicographical items, the appropriateness of the lemma selection, the textual structures of the dictionary articles and of the dictionary, the text compound structure, the reference practice, as well as the user friendliness were analyzed. Because in a learner's dictionary the group of users is defined very clearly it is easy to check if the intended functions were fulfilled and to make pedagogically motivated suggestions for the improvement of a new dictionary edition.
In the framework of an evaluation in any case the viewpoint of the researcher must be reflected critically because it there is a difference between a dictionary being evaluated from the perspective of an expert or from the perspective of a user who is the intended target of a dictionary. This can be demonstrated by two examples: (a) Many users of the Langenscheidt dictionaries think positively about the coloured typeface used for the lemma sign, but many metalexicographers do not agree on this. 18 (b) No metalexicographer has a problem identifying in the dictionary article to "singen" (cf. Fig. 1 ) the abbreviation "e-e" which was used in the first editions of LGwDaF (1994 LGwDaF ( , 2003 . The abbreviation "e-e" is "eine", but foreign-language students and also German students asked more than one time in seminars what the "e-e" would mean. To check these questions, corpus investigations, analysis of the literature and reference works, especially dictionaries, must be done. When assessing dictionaries the critical interpretation of the data is always placed at the end. This is in any case a philological method which is based on the individual subjective judgment ability.
Conclusion
This overview should have made clear that methods must be used regularly in lexicographical practice and in theory if recent and reliable dictionaries shall be produced, analyzed or improved. For this, the scientific, economic, technologi-cal, structural and especially thematic aspects have to be considered. The overview does not claim completeness referring to the number of methods or the description of methods or the publications on methods. 19 But it should be the starting point for further investigation into methods and methodology in lexicography and dictionary research because the reliable application of a reliable method will support the advancement of our activities in future.
6.
Notes
